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Abstract:  
The enzymatic hydrolysis of cellulose into cellobiose is one of the major bottlenecks for a 
cost-effective conversion of lignocellulotic biomass into biofuels and other biomaterials. 
Since the effect of temperature on kinetics for this reaction is not fully envisioned, it causes 
the process to be costly and time consuming. This study intended to shed light on the 
influence of temperature on the processivity, the velocity and the affinity of T.reesei Cel7A 
for the hydrolysis of Avicel. HPAEC-PAD was used to reveal the yielded amount of mono 
and disaccharides at different temperatures. Do to a small number of data points and 
duplicates, this study cannot definitely conclude an increase of the enzyme’s processivity, 
catalytic velocity or a decline of its affinity for cellulose consecutive to an elevation of the 
temperature. 
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1"Introduction:""
 
The high demand of fuels and plastic materials made of fossil resources is increasing and 
the amount of fossil resources still left in the ground is rapidly decreasing. Therefore, a global 
alternative should be found to take of the pressure on fossil resources. This alternative might 
be sugars from plants, which can be modified into bio ethanol (Himmel, Ding, Johnson, 
Adney, Nimlos, Brady and Foust.  2007). 
If this sugar winning should not compromise the amount of food from plants, one will 
consider taking the" residual product. For instance stray of plants like corn or grains are not 
eatable by humans and contains high levels of cellulose (long chained polysaccharides). 
Experiments with humans eating cell walls from maize have concluded that the cellulose it 
contains are close to non-degradable (Funk, Braine, Grabber, Steinhart and Bunzel, 2007). 
The enzymes existing in humans are normally without the enzyme type called cellulase, 
which is the main factor of the degradation of cellulose. This type of enzyme is normally 
found in fungi or bacteria. Since the degradation of cellulose into glucose and cellobiose is 
not compromising food resources, and because it is only the first step in the two-step process 
of getting bio ethanol it is called second-generation bio ethanol.  
This work is about an enzyme from the fungus Trichoderma reesei and this enzyme will 
further on be denoted as T.reesei Cel7A. 
Currently, the most time consuming and difficult step of the process leading to bio ethanol 
from lignocellulose (main component of cell walls of plants) is the hydrolysis of cellulose into 
cellobiose. As the most used enzyme to catalyze this reaction in the industry (Jun, Guangye 
and Daiwen, 2013), the following features of T.reesei Cel7A will be investigated in this study:   
• T.reesei Cel7A is processive enzyme, which means that it is able to remain 
attached to cellulose while hydrolyzing it. Because of the 180° rotation between consecutive 
sugar units, processive degradation of cellulose yields disaccharides. Such a mechanism is 
thought to be beneficial for the degradation of crystalline substrates because the enzyme 
remains closely associated with the detached single polymer chain in between subsequent 
hydrolytic steps (Horn, Sørlie, Vårum, Väljamäe and Eijsink, 2012). Consequently, as an 
interesting indicator of the hydrolysis efficiency of T.reesei Cel7A, its processivity is 
investigated according to the increase of temperature.  
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• The velocity of an enzymatic reaction can be influenced by different conditions 
such as pH, ionic strength and temperature. In enzyme kinetics it is crucial to control these 
conditions in order to obtain reproducibility in velocity measurements. Controlled changes in 
these conditions can yield valuable information on aspects of the enzyme mechanism. Then, 
the influence of temperature on the kinetic parameters Vmax and Km of T.reesei Cel7A for 
hydrolysis of cellulose will be observed.  
" "
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2"Hypothesis:""
The following observations are expected in our results:  
Scopes (1995) states that the kinetic parameter Vmax of T.reesei Cel7A for hydrolysis 
of cellulose is supposed to increase steadily with the temperature of the reaction medium, up 
to the point where denaturation of  the enzyme becomes significant.  
But Scopes (1995) appreciated differently the effect of temperature on Km: Indeed, its value 
increases gradually with the temperature, but a sharp rise is often observed close to the 
denaturation temperature.   
Regarding the influence of temperature over the processivity of T.reesei Cel7A, the 
increase of the enzyme’s catalytic rate due to temperature will mechanically improve the 
efficiency of the enzyme’s hydrolysis and consequently its processivity.   
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3"Theory:""3.1$The$investigated$reaction$3.1.1$Cellulose$$
 
 Cellulose is the main macromolecule constituting lignocellulose, which contains 
hemicellulose and lignin. The association of these three molecules makes cell walls of plants 
stable and resistant to outer interfering.  
Cellulose is a polysaccharide built from several glucose molecules, which are held together 
with β (1, 4) bonding. This type of bonding makes the glucose in the cellulose linear.  
The long chains of glucose molecules bound to each other are linear which limit the area of 
surface and limit the number of places where enzymes can attach. 
Cellulose is a polysaccharide composed of linear β(1,4) D-glucose chains that is tightly bound 
in a crystalline structure held together by hydrogen-bonding and wander Van der Waals 
forces. (Chundawat, Beckham, Himmel and Dale, 2011).   
 
Microcrystalline cellulose (here Avicel) is purified; depolymerized cellulose is partially 
prepared by treating α-cellulose (insoluble pulp from fibrous plant material) with mineral 
acids. 
Consequently, ligand binding free energy in a cellulase tunnel must be favorable to extract 
and process an Avicel chain from the microcrystal to the enzyme (Chundawat et al., 2011).   
 3.1.2$T.Reesei$Cel7A$
 
 
Enzyme Trichoderma reesei Cel7A in Chundawat et al (2011) 
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Trichoderma reesei Cel7A (T.reesei Cel7A) is described as a wild type exoglucanase (also 
called cellobiohydrolase) produced by the cellulose-degrading fungus Trichoderma reesei. 
Consequently, T.reesei Cel7A has affinity for cellulose and is able to hydrolyse cellulose into 
cellobiose (Jung, Sethi, Gaiotto, Han, Jeoh, Gnanakaran and Goodwin, 2013) 
Jung et al. (2013) studied the binding and processing of T.reesei Cel7A on cellulose. Jung et 
al. (2013) project did show that the enzyme accesses its substrate more or less easily 
according to its solubility. For soluble substrates the enzyme has easier access and for non-
soluble substrate, such as crystalline cellulose, it is significantly more difficult for T.reesei 
Cel7A to form a complex with the substrate. It is shown in a plot, where product is a function 
of time; non-soluble substrate takes hours and soluble substrates takes minutes.   
The study in Jung et al. (2013), shows that T.reesei Cel7A behaves differently along the 
cellulose strain as explained below:   
It takes T.reesei Cel7A a couple of seconds to find the cellulose surface and to bind weakly to 
it. Then the enzyme first moves along the cellulose strand without hydrolyzing it and stopping 
regularly for unknown reason. Next, the enzyme couples tightly to the cellulose chain (steady 
state of the enzyme), hydrolyses it processivily and at high velocity before stopping and 
releasing itself from the chain. Steady phase where T.reesei Cel7A couples tightly to the 
cellulose chain has a high velocity before stopping and releasing itself from the chain. A 
possible explanation for this behavior is that T.reesei Cel7A binds to an active hydrolysis site 
and begins slowly to process the hydrolysis of cellulose.  
When the carbohydrate-binding module (CBM) on the enzyme finds a free chain-end of 
cellulose, the cellulose is coupled with T.reesei Cel7A. The affinity of this coupling is yet 
unknown. Chundawat et al (2011) point out that the interaction of CBM and cellulose interact 
with the hydrogen bonds on the cellulose surface and results in a cellulose strand that is led 
into the tunnel of the catalytic domain (CD) on the enzyme. Chundawat et al (2011) 
In the catalytic domain of the enzyme, the formation of catalytically active complex (CAC) 
with the substrate is due to the hydrophobic and polar residues that remove the cellulose 
strand from its crystalline structure. Afterwards, the hydrolysis of the cellulose strand by this 
enzyme primarily gives a cellobiose molecule but sometimes produces cellotriose as 
explained in chapter: “3.2.2 Measuring Processivity.”  
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3.2$Enzyme$kinetics$$3.2.1$Michealis@Menten$theory$$
 
In order to undergo a certain reaction, reagents have to pass an energy border called activation 
energy Ea.  
The presences of a catalyst, such as an enzyme, lower this activation energy. (Berg, 
Tymoczko and Stryer, 2012) 
The Michaelis-Menten model for enzyme kinetics assumes a simple 2-step reaction 
(Illustration N°1): Firstly, the substrate binds to the enzyme and then the substrate is 
converted to product and released.  
 
Enzyme & substrate reaction: Illustration N°1 ; Berg et al (2012) 
 
An Enzyme (E) with affinity to a substrate (S) combines and form an enzyme-substrate 
complex (ES) with a rate constant k1. This complex can dissociate itself with a rate constant of 
k-1 or catalyse the transformation of substrate into product (P) and the newly formed enzyme-
product complex dissociates itself with a constant rate of k2. The enzyme-substrate complex 
can also be reformed from E and P by the reverse reaction with a rate constant k-2 (Berg et al. 
2012). 
 After several simplifications of the Michaelis-Menten model, notably the 
assumption that there is no enzyme-substrate complex reformation because the reaction is just 
beginning when the product formation is negligible, the Michaelis-Menten equation is 
deduced; ! !! = ! !!"# !!! + !  
 
V0: the rate of catalysis when the reaction is beginning.  
[s]; the initial concentration of substrate in the reaction medium.  
Vmax; the maximum catalytic rate reached when all the enzymes in the reaction medium form 
complex with substrate.  
Km; describes the enzyme and substrate interaction:  
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It is the substrate concentration that is required for V0 to equal Vmax /2. That is the substrate 
concentration where half of the enzymes in the reaction medium form a complex with 
substrate. It also approximates the affinity of the enzyme for its substrate. Vmax and Km are 
two kinetic parameters that describe the functionality and efficiency of a given enzyme. To 
determine Vmax and Km , the reaction has to reach a saturation point for the given enzyme (all 
enzyme are forming enzyme-substrate complex). The saturation point will be found by 
increasing substrate concentration with the same concentration of enzyme and then plot the 
amount of formed product as a function of time for the different substrate concentrations. 
Then, the initial rate of catalysis V0 is found, by making a tangent line at the origin of those 
plots. (Illustration No.2) (Berg et al. 2012) 
 
Illustration No. 2; Berg J. M. et al. (2012) 
 
Then, the calculated reaction velocity is plotted as a function of the substrate concentration to 
determine the Vmax and the KM for an enzyme, by making a Michalis-Menten plot (illustration 
no.3). 
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Illustration No. 3; Berg J. M. et al. (2012) 
 
According to the Michaelis-Menten theory, Vmax and Km are influenced by temperature: 
Constructing Michaelis-Menten equation, Vmax is described by the equation !!"# = !!×[!!] 
k2; the velocity constant of the catalysis 
[ET]; the total concentration of enzyme in the reaction medium. (Berg et al. 2012). 
 
The Arrhenius equation: ! = !"!!"/!" 
 
T is the temperature of the reaction 
Ea; the activation energy of the reaction,  
A; the collisions frequency factor,  
R; the perfect gazes constant  
k is the velocity constant of the reaction 
 
The Arrhenius equation allows to state that k is increasing with the temperature. 
In the meantime, as the enzyme is denatured by the increase of the temperature, it is 
progressively losing its catalytic property, leading to an increase of Ea up the point where it 
stops k2  rises, then reduce it and therefore Vmax.  
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 As for Km, it is affected by temperature because it is related to enthalpy of the 
substrate dissociation through appreciation of the Van t’Hoff equation, according to Scopes 
(1995):  !" = !×!(! ∆!°!×!!) 
With Ke, the dissociation constant for the enzyme substrate complex, D, the dissociation 
constant factor, ΔH°, the variation of enthalpy of this dissociation, R, the perfect gazes 
constant and T, the temperature at which the dissociation reaction is undergone.   
As ! = ! !!!!! !!"#! " = ! !!!!!!!!!  , according to the construction of the Michaelis-Menten 
equation, Km is closely related to Ke (Berg et al. 2012). Then, since Ke is increasing with 
temperature then Km will increase too meaning a loss of affinity of the enzyme for its 
substrate. This loss of affinity is related to the denaturation of the enzyme consecutive to a 
rise of the temperature.    
 3.2.2$Measuring$processivity$$
 
In cellulose molecules, consecutive sugars are rotated by 180° with the consequence that only 
every second sugar’s β-(1, 4) oxidic bond will be able to be cleaved when the polymer is 
threaded through the active site of the enzyme. This explains the possible production of 
cellotriose during the initial cut of the polymer by T.Reesei Cel7A. The cellobiohydrolase will 
eventually produce one molecule of glucose and one molecule of cellobiose out of the 
cellotriose molecule (Horn et al. 2012). 
One way of measuring processivity (interpreting the outcome of degradation reaction) is to 
measure the degree of processivity, P, via the equation: 
 ! = ( !"##$%&$'" ! !"#$%&' )( !"##$%&'$(" ! !"#$%&' )  
 
The term [cellobiose]-[glucose] reflects the total number of consecutive cuts in the Avicel 
strand, where the concentration of cellobiose is corrected for cellobiose that result from 
conversion of the cellotriose to a glucose and a cellobiose molecule (it is assumed that glucose 
is not released directly from Avicel"and not from the hydrolysis of cellobiose either). The term 
[cellotriose] + [glucose] represents the number of initial cuts. It this study however, there will 
be no use of [cellotriose] but instead the use of the area of the cellotriose peak. 
The value P reflects the number of cuts following the initial cut.  
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However, this type of measurement contains a major drawback: the assumption that glucose is 
not released directly from Avicel lead to an underestimation of the number of initials cuts 
which results in an overestimation of processivity of T.Reesei Cel7A (Horn et al. 2012). 
 3.3$Sugar$detection$equipment$$$3.3.1$High$Performance$Anion$Exchange$Chromatography$(HPAEC)$$
 
Ion chromatography is a separation method to isolates molecules between two phases, 
a stationary and a mobile phase. The stationary phase is packed into a column and has a 
lumen where the mobile phase, also called eluent, will flow through. A sample containing 
analytes is injected into the lumen of the column and the analytes will be separated 
corresponding to their net charge. A Pulsed Amperometric Detector registers the quantities of 
the separated molecules on the other side of the column  
Anion-Exchange Chromatography is specifically used to separate anionic analytes that can be 
ionized at high pH values. Anion-Exchange uses hydroxide-based eluents at high pH to 
produce anions from analytes that would not be anionic at neutral pH. 
For carbohydrate, the anion exchange chromatography is used because of the negatively 
charged carbohydrate ions have affinity for the positively charged solid phase of this kind of 
chromatography. The negative and positive ions will interact. The strength of interaction for 
carbohydrates to the solid phase is determined by the amount of hydroxyl groups and the size 
of the molecule, described as the net charge of the molecule. Molecules with small net charge 
are the first molecules to be eluted through the column, and then molecules with bigger net 
charge will follow, which gives a differentiation of the ions in the sample and helps quantify 
the molecules. Increase in pressure will speed up the elution leading to High Performance 
Anion Exchange Chromatography (HPAEC) (1), (2). 
 
In our study, the separation and quantification of glucose and cellobiose molecules that were 
produced by hydrolysis by T.reesei Cel7A was made by anion exchange chromatography. The 
eluent was a multistep gradient with increasing in pH over a time range. (2)  
 
The carbohydrates, glucose and cellobiose, was separated via specific interactions between 
hydroxyl group of the carbohydrates and the stationary phase of the column at high pH.  For 
glucose the net charge is smaller than the net charge for cellobiose and therefore glucoses is 
the first molecule to be eluated when the pH is increasing. (1) 
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The quantities of glucose, cellobiose and cellotriose appeared as peaks in a spectrum formed 
by the signal as a function of retention time. From a calibration curve the areas of the peaks 
corresponds to the concentration of the present molecules in the sample.  
 3.3.2$Pulsed$Amperometric$Detection$(PAD)$
 
 Pulsed Amperometric Detection (PAD) is used in combination with high performance 
anion-exchange chromatography to detect and quantify carbohydrates in a solution.  
It is the application of various potentials to a gold electrode over a specific time period. The 
potential variations are known as a triple pulse waveform, and result in oxidizing and 
reducing conditions on the electrode surface, resulting in oxidation of carbohydrate adsorbed 
to the gold electrode surface. The oxidation of a carbohydrate is performed at a specific 
potential and results in the loss of an electron, which results in a current flow, which can then 
be measured at that potential, ensuring selective and sensitive detection. 
After oxidation, a reduction and reoxidation step is applied to remove the bound carbohydrate 
and renew the electrode surface.  
The variation of the potentials is performed as a pulse sequence (waveform) and typically 
takes less than 1 second, hence allowing chromatographic data points to be recorded at least 
every second. (2),(3) 
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4"Method"section:""4.1$Materials$used$"
Equipment Solutions/Powders 
! Eppendorf Research plus 500-5000 µL 
Pipette  
! Eppendorf Research plus 100-1000 µL 
Pipette 
! Eppendorf® epT.I.P.S. standard :  
                 100-5000 µL Tips  
                        100-1000 µL Tips 
! Labsystems Finnpipette 4510, 12-Channel 5-
50µL Pipette 
! Thermo scientific multichannel electronic 
Matrix Pipette  
! VWR Universal Yellow Tips 2-200 µL Tips 
! Thermo Scientific 1250 µL Pipet Tips Sterile  
! VWR Reagent Reservoir PS 25 mL Reservoir 
for multi-channel pipetting applications 
! ICS-5000 ion chromatograph (Thermo Fisher 
Scientific Inc., Germany) equipped with a 
CarboPac PA-10 column and electrochemical 
detection (Au electrode)  
! IKA RCT basic Magnetic Stirrer 
! Stirrer bar of  4, 7, and 8 cm 
! Eppendorf Thermomixer Confort 2mL  
! Labnet C1301 Centrifuge  
! Struers Memmert Drying Oven 
! Excellence Plus XP Analytical Balances 
! IKA RCT basic Magnetic Stirrer 
! Sodium acetate, firm: Sigma –
Aldrich Germany, lot nr. 
BCBH0254V  
! Calcium Chloride dihydrate, 
firm: Merck KGaA Germany, 
lot nr. A862982 824 
! Sodium hydroxide, firm: 
Merk-Millipore, lot nr 
1.06498.0500 
! Avicel  PH-101, firm: Fluka 
analytical Ireland, lot nr. 
BCBH5884V 
! D-(+)-Cellobiose for 
microbiology, >= 99.0 %, 
firm : Fluka analytical, lot nr.  
BCBL3154V 
! D-(+)-Glucose, minimum 
99.5% , firm : SIGMA Life 
Science, Batch 108K0031 
! Deionised water 
! MilliQ water  
! T.reesei Cel 7A from 
Novozymes 
$
" $
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4.2$Experimental$setup:$
 
The activity of the Cellulase is measured as follow:  
750 µL of a stirred Avicel stock solution in 50 mM Sodium acetate, 2 mM CaCl2 and a buffer 
pH 5 is transferred to a 2 mL Eppendorf tube and placed in a drying oven for at least 24 hours. 
This tube will be weighted again to determine the exact concentrations of Avicel used in the 
reactive mixture. 
In parallel, the same volume of the same Avicel solution is placed in six 2 mL weighted 
Eppendorf tube. These tubes are put into the “Thermomixer Confort“ device at the required 
temperature for the experiment and remain 20 minutes in the device, so that the solution reach 
the experiment temperature. An agitation sequence of the “Thermomixer Confort“ is initiated 
at 1100 rpm, in order to suspend the Avicel and the Cellulase in the reaction medium to 
facilitate the hydrolysis of Avicel. 
20 µL of the fresh 6,6 µM Cellulase solution in 50 mM Sodium acetate, 2 mM CaCl2 , pH 5 
buffer is transferred in the six tubes and the timer is subsequently stated (t0).   
At t1  = 5 minutes, one tube is withdrawn from the “Thermomixer Confort“ and a volume of 
770 µL of 0.1 M NaOH in deionized water is immediately added to the tube, in order to stop 
the reaction. The tube is immediately spun at 2000 g for 5 minutes. Finally, the content of the 
Eppendorf tube is transferred into 1.5 mL ICS Vials.  
This procedure is repeated at times t2 = 12 minutes, t3 = 20 minutes, t4 = 45 minutes, t5 = 60 
minutes and t6 = 90 minutes. 
Eventually, at the ICS, the analytes are eluted in a multistep gradient with 50 mM Na0H (0-4 
minutes), 100 mM sodium acetate + 90 mM NaOH (4-28 minutes), 450 mM sodium acetate + 
200 mM NaOH (28-29 minutes) and 50 mM NaOH (29-35 minutes). The prepared standards 
(S1 (1mM glucose; 10 mM cellobiose), S2 (2 mM glucose; 20 mM cellobiose), S3 (3mM 
glucose; 30 mM cellobiose), S4 (4 mM glucose; 40 mM cellobiose) and S5 (5 mM glucose; 
50 mM cellobiose) all in 50 mM Sodium acetate, 2 mM CaCl2 , pH 5 buffer) previously 
transferred in 1.5 mL ICS vials were included in all sequences. This step is done to separate 
and quantify the glucose and the cellobiose subsequent to the Cellulase hydrolyses. 
This experiment is run with the following parameters: 
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Another serie of experiments with the same parameters as the one described above, but with 
50 mM Sodium acetate, 2 mM CaCl2, and buffer pH 5 is replaced instead of  20 µL enzyme. 
This serie gives a signal that is considered as a disturbance to the analysis, this signal also 
called a blank is withdrawn from the samples’ signals. The disturbance is created by the 
cellobiose and glucose released from the Avicel without enzymatic action.  
So as to determine more accurately the activity of the Cellulase, the experiment described 
above is carried out with 2 major changes: the reaction is now stopped only at the time of 
interest t3 = 20 minutes and t4 = 45 minutes and the experiment is run twice (duplicates) with 
the following parameters:   
Temperatures (in °C) Concentration of the Avicel stock solution 
(in g/L) 
25 
 
 
 
 
 
40 
1 
5 
10 
15 
20 
40 
80 
100 
See appendixes for details of the experiments and calculations.   
  
Temperature)(in)
°C)
Concentrations)
of)the)stock)
solution)of)
Avicel)(in)g/L)
5 20 100 5 20 100 5 20 100
4025 30
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5"Results"and"Analysis:""5.1$Quantification$of$cellobiose$and$glucose$in$the$samples$$
 
HPAEC-PAD is used to determine the concentration of glucose and cellobiose in the 
samples obtained at different temperatures according to the experimental setup 0 .   
 
In all obtained chromatograms, there are 3 peaks of interest respectively at retention times of 
8 minutes, of 14.6 minutes , and of 31 minutes (Figure 5).  
 
 
 
Figure 5 Example of a typically obtained chromatogram : Chromatogram of standard S5 
 
According to the theoretical part, glucose, cellobiose, and cellotriose molecules are 
deprotonated during their separation in the Anion exchange chromatography column. Then, 
cellotriose’s anion has a higher negative charge than cellobiose’s anion which has a higher 
negative charge than the glucose’s anion.  
Consequently, glucose is the first sugar to be eluted in the anion-exchange column, then 
cellobiose and finally cellotriose.  Consequently, the 8 minutes peak corresponds to glucose, 
the 14.6 minutes peak to cellobiose and the 31 minutes peak correspond to cellotriose.  
 
After identifying these three peaks on all the obtained chromatograms, their respective areas 
are integrated, and the corresponding concentrations of glucose and cellobiose are calculated 
using standard curves drawn with the chromatogram analysis software Chromeleon (Figure 
6).   
Cellotriose"
peak"
17"
"
 
 
Figure 6 Example of standard curve for cellobiose (standard curve for the first serie of result) 
 
For each stock solution of Avicel used for the two types of experiments, at all the 
experimental temperatures, the initial concentration of Avicel in the reaction medium is 
adjusted from the dry masses of Avicel weighted during the experiments. These 
concentrations will be used later to draw Michealis-Menten plots.  
 5.2$First$type$of$kinetic$experiment:$$5.2.1$Cellobiose$and$total$sugar$formation$over$time$$
 
The respective blank concentrations of cellobiose and total sugars that are calculated for 
all initial Avicel concentrations and for all temperatures represents the respective cellobiose 
and total sugars concentrations that are present in the samples without enzymatic action. 
Consequently, they are respectively subtracted to cellobiose and total sugar concentrations in 
all samples so as to use the concentrations of glucose and total sugar that have only been 
produced by enzymatic activity.         
Those respective corrected concentrations of cellobiose and of total sugar (concentration 
of cellobiose + concentration of glucose) in the reaction medium are plotted as a function of 
the time of reaction for each initial concentrations of Avicel and each temperature (Figure 7).  
Not identified interference for the experiments 30°C for the two first substrate concentrations 
prevent the datapoints to be relevant for our analysis. However, the overall pattern of these 
plots describes an increase of both cellobiose and total sugar concentration over time 
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illustrating the catalytic activity of Tr.Cel7A. In addition, as suggested in the hypothesis the 
higher the initial concentration of Avicel is, the more significant is the concentration of 
cellobiose or of total sugar for the same time point.      
Finally it can be noticed that the higher the temperature is, the higher the concentration of 
cellobiose or of total sugar at the same time point for the same initial Avicel concentration is.   
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Figure 7 Comparison of cellobiose production according the reaction time at different 
concentration of substrate and at different temperatures    
 
Then, both rates of production of cellobiose and total sugar are determined for the 3 
different initial concentrations of Avicel in the reaction medium, at each studied temperature. 
Therefore, several types of regressions are investigated on the plots of the concentration of 
cellobiose or of total sugar in the reaction medium according to the reaction time in order to 
calculate this rate:  
 
It is noticed that the linear regression model is less accurate with the production of 
cellobiose than the exponential regression, which fit better to the experimental data.    
Nevertheless, a power regression allows the most accurate modeling of the production of 
cellobiose because the R² (determining how closely a certain type of regression fits a 
particular set of experimental data) is closer to 1 than with the linear regression. 
      
Then, the power regression is applied on every graph concerning the concentrations of 
cellobiose and of total sugar plotted as a function of reaction time, to calculate both rates of 
production of cellobiose and total sugar (Figure 7).  
The rates of production of cellobiose and total sugar are calculated using the derivative of the 
equation of the power regression curve and an arbitrarily selected time value of 30 minutes.  
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5.2.2$Michealis@Menten$plots$$
 
In order to determine the Vmax and the Km of the hydrolysis of Avicel into cellobiose 
or total sugar, it is possible to draw and exploit either a Michealis-Menten plot or a 
Lineweaver-Burke plot.  
The Lineweaver-Burke plot is more sensitive to errors than the Michealis-Menten plot. 
Moreover, in the first type of kinetic experiment, only three different concentrations were 
studied with no replicates. Those arguments motivated the choice of the Michealis-Menten 
plot.  
To construct those particular plots, the rates of production of cellobiose and total sugars are 
plotted as a function of the initial Avicel concentration for each studied temperature (25°C, 
30°C and 40°C) (Figure 8).  
Next, a Michealis-Menten regression (non-linear fit thanks to the Michealis-menten equation) 
is applied to those plots in order to obtain both Vmax and Km for the production of cellobiose 
at each temperature. A Michealis-Menten fit of the data is then obtained (Figure 8).  
The striking feature of those plots is that none of their rate of production of cellobiose or of 
total sugar is reaching a plateau, as they should according to the graph in the theoretical part 
(0). This is probably due to the presence of only 3 datapoints.  
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Figure 8 Comparison of the Michealis-Menten plots for cellobiose production for different 
temperatures 
   
Finally, all the Vmax and all the Km of Avicel hydrolysis by T.reesei Cel7A are 
respectively plotted as a function of temperature, in order to observe its  influence  on the 
kinetics parameters of the T.reesei Cel7A for hydrolysis of Avicel (Figure 9). 
Firstly, the increase of Vmax follows an increase of the study temperature for both production 
of cellobiose and of total sugar.    
Concerning the effect of temperature on Km, for both production of cellobiose and total sugar, 
it is increasing with the temperature from 25°C to 30°C, meanwhile it respectively decreases 
for cellobiose production and stay constant for the total sugar production. 
 Regarding the difference between the values of Km for cellobiose and total sugar 
production, it is negligible for two Km values over 3. On the over hand, the difference 
between the values of Vmax for cellobiose and total sugar production is negligible only for one 
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Vmax value over 3. Nevertheless, this difference for Vmax is relatively small (around 0.20 
mM/min).  
 
 
 
Figure 9 Vmax and Km versus temperature plots for both cellobiose and total sugar production 
 5.2.3$Weaknesses$of$the$first$kind$of$kinetic$experiment:$
  
As told previously, the low number of experiments with different initial Avicel 
concentrations (only 3) and the absence of replicates for each temperature lead to inaccurate 
and insufficient Vmax and Km values for the hydrolysis of Avicel.  
Consequently, the results of a second kind of kinetic experiment with 8 different 
substrate concentration and duplicates for each temperature and concentration are exploited 
(see experimental setup 0).  
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5.3$Second$type$of$kinetic$experiment$$5.3.1$Cellobiose$and$total$sugar$formation$over$time$$
 
The non-corrected concentrations of cellobiose and of total sugar in the reaction medium 
are plotted as a function of time for each initial concentrations of Avicel and each temperature 
(Figure 10).  
No experimental interference can be observed regarding the measurement of the concentration 
of cellobiose and total sugar this time because for all initial Avicel concentration, cellobiose 
and total sugar concentration increase from the 20 minutes time point to the 45 minutes time 
point illustrating the catalytic activity of T.reesei Cel7A.  
Similarly to the first type of kinetic experiment, the higher the initial concentration of Avicel 
is, the more significant the concentration of cellobiose at the same time point is. But, an 
exception can be noticed for the plot at 40°C for concentrations of Avicel 77.90 and 92.90 
g/L.  
Finally, it can be noticed as previously that the higher the temperature is, the higher the 
concentration of cellobiose and of total sugars at the same time point for the same initial 
Avicel concentration are.   
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Figure 10 Comparison of the cellobiose production over time at the two different 
temperatures. The linear regressions are used to find the slope. 
This time, because of the use of only 2 time points, the linear regression model offers 
the most accurate modeling of the production of cellobiose and total sugars and is 
consequently applied on every plot of the concentration of cellobiose versus the reaction time 
to calculate the rate of production of cellobiose (Figure 10). Those to time points was chosen 
because we watched a closely linear incensement between those time points in earlier 
experiments. 
Each rate of production of cellobiose and of total sugar is determined picking up the slope of 
their respective linear regression.   
 5.3.2$Michealis@Menten$plots$
 
In order to determine the Vmax and the Km of the hydrolysis of Avicel respectively into 
cellobiose and total sugar, a Michealis-Menten plot is used as in the first kind of kinetic 
experiment.  
This time, the rejection of the Lineweaver-Burke plot is only due to its superior sensitivity to 
errors than the Michealis-Menten plot.  
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Eventually, it can be remarked for both cellobiose and total sugar that the two actual initial 
concentrations of Avicel have a very similar value. Indeed, the one that should be equal to 15 
g/L Avicel really equals 16.80 g/L Avicel and the one that should be equal to 20 g/L Avicel 
really equals 16.90 g/L Avicel (Figure 10).  
Because, those two very close concentrations of Avicel give very different concentrations of 
cellobiose and of total sugars, those differences lead to plots with sudden drops or rises giving 
a wrong Vmax and Km (Figure 11).  
 
 
Figure 11 Example of twisted Michealis-Menten plot with the theoretical 20 g/L Avicel rate 
of production value. 
 
Consequently, the theoretical 20 g/L Avicel rate of productions of both cellobiose and total 
sugar are removed for the Michealis-Menten plots.    
 
To realize those particular plots, the respective rates of production of cellobiose and of 
total sugar are plotted as a function of the initial Avicel concentration and a curve is drawn for 
each studied temperature (25°C and 40°C) (Figure 12).  
 
The striking feature of those plots is that only the plots for both cellobiose and total sugar 
production at 25°C seems to reach a plateau. Indeed, the same plots at 40°C is not reaching a 
plateau. 
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Figure 12 Comparison of the Michealis-Menten plots for both cellobiose and total sugar 
production at 2 different temperatures 
 
Finally, all the Vmax and all the Km values of Avicel hydrolysis by the Cellulase are 
respectively plotted as a function of temperature, in order to observe its influence on Vmax and 
Km  of the Cellulase for hydrolysis of Avicel (Figure 13). 
It is observed that the increase of Vmax follows an increase of the studied temperature for the 
production of cellobiose and of total sugar.    
Concerning the effect of temperature on Km for both cellobiose and total sugar production it 
seems to follow the same pattern as for the Vmax. Regarding the deviation between the 
respective values of Km and Vmax for cellobiose and total sugar production, it is negligible for 
the respective values of Km and Vmax at 25°C but at 40°C the Vmax for total sugars production 
represents more than twice of the value for cellobiose production and the same observation 
can be made between the 2 Km values.  
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Figure 13 Influence of the temperature over Vmax and Km for both cellobiose and total sugar 
production 5.4$Influence$of$temperature$over$the$processivity$of$T.reesei$Cel7A$
 
The degree of processivity of T.reesei Cel7A, P, is calculated for each study temperature 
using the concentration of cellobiose, the one of glucose and the area of cellotriose (as the 
concentration of cellotriose) at the highest initial concentration of Avicel in the sample having 
reacted 45 minutes with the enzyme. This calculation involves the equation in the theoretical 
part (0).   
Then, P is plotted as a function of temperature for the first and second kind of kinetic 
experiment (Figure 14).   
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Figure 14 Evolution of T.reesei Cel7A’s processivity as a function of temperature for the two 
kinds of kinetic experiment 
 For the first kind of kinetic experiment, a slight drop in degree of processivity of the 
enzyme is observed from 25 to 30°C, before it rises again at 40°C.  
For the second kind of kinetic experiment, the degree of processivity increase from 25 to 
40°C. Thus, the total increase of Km looks the same relative to the Km for 25°C for both 
kinetic experiments. 
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6"Discussion:""6.1$Synthesis$of$the$analysis$and$comparison$with$similar$studies$
 
The main hypothesis of this study was that the Vmax of T.reesei Cel7A for the hydrolysis 
of Avicel was increasing steadily along with the temperature; meanwhile the Km of the 
enzyme for the same activity was undergoing a gradual increase first, before a sharper one 
close to the denaturation temperature of the enzyme. The experimental results confirmed this 
expected increase of the Vmax for both production of cellobiose or/and glucose with the 
temperature for the two kinds of kinetic experiments. Regarding the Km for those particular 
productions, the second kind of kinetic experiment and the Km values between 25°C and 30°C 
for the first kind validated a growth of Km along with temperature. It is worth to notice that 
the presence of 3 data points prevent to state if the increase of Km is gradual or sharp. In 
addition, Km values stayed constant for total sugars and decreased for cellobiose between 30 
and 40°C for the first kind of kinetic experiment, contradicting the hypothesis.  
The effects of temperature on Vmax and Km of T.reesei Cel7A are poorly appreciated in the 
literature allow few direct comparison (with the same enzyme or/and with the same studied 
parameters (Km and Vmax)) with the results of our study.  
For example, Boer, Teeri and Koivula (2000) measured the enzymatic activity of T.reesei 
Cel7A on 4-methylumbelliferyl-β-D-lactoside (MULac) at pH 5.0 in temperatures ranging 
from 20 to 80°C. They noticed a rise in enzymatic activity from 20 until approximately 60°C 
before recording a sharp drop, then a loss in of this activity. This rise could support the 
increases of the Vmax for cellobiose and total sugars productions along with the temperature 
that is reported in this study. However, the use of a different substrate (MULac instead of 
Avicel) and the study of a different parameter (enzymatic activity instead of Km or Vmax) 
prevent a direct comparison with our work.  
Howard, Masoko, Mowa, Abotsi and Howard (2004) studied the relative activity of 
cellobiohydrolase from Phanerochaete chrysosporium (CBHI.1) with a range of temperatures 
from 0 to 105°C on Avicel, at pH 6. The noticeable increase of the relative enzymatic activity 
from 0°C to about 40°C could have been correlated with the increase of the Vmax of T.reesei 
Cel7A pointed in our study from 25 to 40°C. Nevertheless, the use of another 
cellobiohydrolase and the measure of another parameter prevent any direct comparison with 
our results.  
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No relevant study on the influence of temperature over the Michealis constant of a 
cellobiohydrolase Km was found to discuss our observations about the evolution of the Km of 
T.reesei Cel7A according to temperature.  
Gao, Chundawat, Sethi, Balan, Gnanakaran and Dale, (2012) mentioned briefly another study 
underlining the reduced affinity of T.reesei Cel7A with increased temperature. This 
observation fits our results in which the increase of the Km of the cellulase for Avicel 
subsequent to an increase of temperature. Indeed, the higher the Km of an enzyme is for a 
particular substrate the less affinity the enzyme has for its substrate. But the results of this 
article contradict the observation for the first kind of experiment with the decrease of Km from 
30 to 40°C.     
  
The striking feature for the obtained degrees of processivity is their values very close 
to 1. Indeed, values of this order could come more likely from non-processive enzyme 
mechanism than from a processive one as for our cellulase. These low values can be justified 
by the use of the recorded area of cellotriose instead of the concentration of cellotriose in the 
equation to calculate the degree of processivity.   
In addition, the few data points of both first and second kind of kinetic experiment seems to 
confirm the second hypothesis of an increase of T.reesei Cel7A processivity along with 
temperature. Consequently, T.reesei Cel7A’s catalytic rate increase due to temperature 
actually improves the processivity of the enzyme. Nonetheless, it is important to notice that 
the drop of the degree of processivity as the temperature increase (from 25 to 30°C) for the 
first kind of experiment might be due to unidentified interference during the experiment to 
obtain those samples leading to wrong concentrations of cellotriose, cellobiose and glucose.  
 
 Once again, no article that could have allowed a direct comparison with the obtained 
degrees of processivity of T.reesei Cel7A according to temperature was found. It can only be 
reported that Kawaguchi & Ishiwata (2000) investigating the influence of temperature over 
the processivity of a kinesin (protein that moves along microtubule hydrolyzing ATP) noticed 
an increase of the processivity of this protein subsequent to an increase in temperature. Even 
if a similar pattern to the one observed for T.reesei Cel7A can be remarked here, the profound 
differences between our cellulase and the kinesin for the respective reactions they catalyze as 
well as the differences in the experimental conditions prevent any relevant support to our 
observations.   
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6.2$Implementation$and$weaknesses$of$the$current$experimental$setup$
 
The protocol described in 1.2 has not been implemented since the beginning of our 
experiments: indeed, the stirring and the heating of the reaction medium have been performed 
with different devices and in different conditions.  
At the beginning of our experiment, in order to warm up the reaction medium (enzyme + 
Avicel stock solution) to the temperature, T, and to suspend the Avicel and the cellulase in the 
reaction medium, we used a Shaking Water Bath: Julabo SW-20C.   
Then, instead of six 2 mL Eppendorf tubes each containing 750 µL of Avicel stock solution, a 
50 mL Erlenmeyer flask containing 16 mL of Avicel stock solution was installed in the 
shacking water bath.   
 During the first experiments, two mayor drawbacks arose: 
 -First, we observed Avicel precipitates in all reaction media even at the highest 
agitation level (whatever the concentration of Avicel in the stock solution was).  This testified 
from an inefficient suspension of the Avicel in the reaction medium. This situation can lead to 
few interactions between the Avicel and the Cellulase that would result in a very weak signal 
of product for all initial concentration of Avicel. Therefore, few differences could be 
acknowledged between the results and the study would have been biased.   
 -Secondly, measurements of the temperature measured with a thermometer placed in 
the Shaking water bath led to variation intervals up to 5°C around the studied temperature. 
This could lead to important temperature variations inside the reaction medium changing the 
enzymatic activity dramatically during one experiment and then twisting the results.  
Consequently, a device with a more stable heating capacity and a more efficient stirring was 
required for our experiments.  
Therefore, we used an Incubator Shaker IKA KS 4000 IC control : the 50 mL Erlenmeyer 
flask containing 16 mL of Avicel stock solution was replaced by six 2 mL Eppendorf tubes 
each containing 750 µL of Avicel stock solution in a test tube rack that was introduced into 
the incubator shaker for the experiment.  
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During an experiment, the Incubator Shaker had to be opened frequently in order to introduce 
the enzyme in the Eppendorf tubes and withdraw the tubes that underwent the different 
reaction times (t1 until t6 (see experimental setup 0)). Even though, the shaking process of the 
Eppendorf tubes allowed an observable suspension of the Avicel in the reaction medium and 
then a better stirring than previously, the difficulties arose at the opening of the incubator:  
 The agitation of the rack of tubes was immediately stopped after the opening of the 
device that was here a minor issue (lack of agitation for about 10 seconds really frequent). 
However, the more serious concern comes from the drop in the temperature by 3°C (when the 
experiment is set to 25°C) at the opening of the incubator. It is due to the leak of hot air to the 
outside of the incubator. As mentioned previously, the opening of the incubator is really 
frequent during the experiment and particularly at the beginning (introduction of enzyme and 
withdrawal of Eppendorf tubes). Consequently, we faced again important oscillations in the 
temperature inside the incubator that could lead to important temperature variations inside the 
reaction medium changing the enzymatic activity during an experiment and then twisting the 
results.  
    Consequently, a device allowing, in case of manipulation of the Eppendorf tubes, not 
to disturb nor the agitation nor the temperature of the reaction media was required for our 
experiments. 
Finally, the Eppendorf Thermomixer Comfort 2 mL has been used:       
With this machine the maximal deviation of the temperature in its tube holes is of 2.5°C 
bellow the required value and it is constant.  
Furthermore, the observation of the reaction media has shown that the Avicel was 
homogeneously mixed in the solution (a more or less white solution in the tubes with no 
Avicel precipitate) after a stirring at 1100 rpm.     
Eventually, stopping the stirring for the introduction of enzyme in the second row of tube for 
the second experiment only takes 2 to 4 seconds instead of at least 10 for the Incubator 
Shaker. Moreover, we don’t need to stop the stirring of the other tubes when 2 are withdrawn 
so as to stop their respective reactions.   
To summarize, we can alleged that our current method as improved the efficiency of the 
stirring of our reaction media as well as the stability of their temperature, compared to the first 
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method we used. However, the deviation of the temperature from the expected value stays a 
major concern. We have measured this deviation to approximately 2,5°C below the expected 
temperature. This deviation however seems to be constant.  
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7"Conclusion"and"further"work"
 
This study aimed at studying the effects of temperature over two kinetic parameters (Km 
and Vmax) and over an efficiency indicator, namely processivity, of the cellobiohydrolase 
T.reesei Cel7A.  
In order to perform this work, the use of an Eppendorf Thermomixer Comfort 2 mL has 
improved the efficiency of the stirring of our reaction media as well as the stability of their 
temperature, compared to the two other equipments. However, a maximal but stable deviation 
of temperature by -2.5°C from the expected value during our experiments stays a major 
concern. 
Monitoring the exact temperature with an external thermometer could be a solution to this 
issue. 
The overall patterns of increase of velocity of the hydrolysis of Avicel by T.reesei Cel7A 
(Vmax) and decrease of the affinity of the enzyme for Avicel (Km) with an increase in 
temperature, that have been expected in the hypothesis are confirmed by most of the results of 
this study. Furthermore, a general increase in T.reesei Cel7A processivity along with 
temperature seems to validate the improvement of this enzyme’s hydrolysis with a rise of 
temperature.  
However, because of too little literature on the topic, comparison with similar studies was not 
possible. In addition, comparisons with the closest studies available are inconclusive given 
that they are realized with different substrates, conditions, cellobiohydrolases and/or focus on 
different enzymatic parameters. It is also worth mentioning that because of non-identified 
mistakes during the first kinetic experiment that have been conducted at 30°C, the Km and 
processivity values for this temperature do not meet the expectations. In addition, the few 
number of temperature points prevented us from observing a gradual or sharp evolution of the 
Vmax and Km values according to temperature.   
           
 Consequently, the quantitative weaknesses of this work could be fixed by the 
following modifications in the experimental setup: 
Several initial concentrations of Avicel above 100 g/L need to be investigated in the first and 
then in the second kind of kinetic experiments so as to obtain a plateau for every Michealis-
Menten plot, allowing to determine more accurate Vmax and Km values for T.reesei Cel7A.   
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Several temperatures above 40°C need to be investigated as well in order to obtain a good 
view of the influence of the temperature over the Km, Vmax and the processivity of T.reesei 
Cel7A, and not only 2 or 3 data points.  
 Regarding the qualitative weaknesses of the work here are some propositions:  
The preparation of blanks (run of the experiment without enzyme) for all substrate 
concentrations at each temperature will make sure that the original presence and the “natural” 
liberation of glucose and cellobiose in the reaction medium are negligible compared to the 
values obtained in the samples.    
Making of duplicates for the blanks can prevent obtaining aberrantly high glucose or 
cellobiose values when T.reesei Cel7A do not hydrolyse Avicel.    
Finally, the hydrolysis of Avicel into cellotriose by T.reesei Cel7A could be measured more 
precisely monitoring the concentration of this compound in all the samples of the 
experimental setup realizing a cellotriose standard.     
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9"Appendixes""
 
Preparation of the solutions for the measurement of the cellulase activity : 
 
Equations:  
In this section, several equations or combinations of equations are used so as to calculate the 
volumes or the masses necessary for the preparation of the different solutions. These 
equations are presented below :     
 
Équation 1: mass m of the compound that need to be introduced in a solution of volume 
V to obtain a molar concentration C of this compound. 
Given that for one compound in solution  
 ! = ! !!! = !! ! ; ! "#ℎ!
!, !ℎ!! "#$%!!"#!$#%&'%("#!!"!!ℎ!!!"#$%&$!!"#$"%&'!!"!!ℎ!!!"#$%&"'!, !ℎ!!!"#$%&%'!!"! "#$%!!!"!!ℎ!!!"#$!"#$!, !ℎ!!!"#$%&!!"!!ℎ!!!"#$%&"'!, !ℎ!! "#$%! "##!!"!!ℎ!!!"#$"%&' !! 
 
, we obtain ! = !×!×!!, the mass of the compound that need to be introduced in a solution 
of volume V to obtain a molar concentration C of this compound.  
 
Équation 2: mass m of the compound that need to be introduced in a solution of volume 
V to obtain a mass concentration Cm of this compound. 
 
Given that for one compound in solution 
!" = !!! !; ! !"ℎ! !", !ℎ!! "##!!"#!$#%&'%("#!!"!!ℎ!!!"#$%&$!!"#$"%&'!!"!!ℎ!!!"#$%&"'!, !ℎ!! "##!!"!!"#$"%&'!!!"!!ℎ!!!"#$%&"'!, !ℎ!!!"#$%&!!"!!ℎ!!!"#$%&"' !! 
, we obtain ! = !×!"!, the mass of the compound that need to be introduced in a solution of 
volume V to obtain a mass concentration Cm of this compound.  
 
Équation 3 : dilution formula 1 
When a solution with an initial concentration C1 of a compound is diluted, we use the 
following formula !1 = ! !!×!!!! !to know the volume of initial solution V1 that needs to be 
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mixed with the diluting solution in order to obtain of volume V2 of a C2 concentration in 
compound. 
 
Équation 4 : dilution formula 2 
When a solution with an initial concentration C1 of a compound is diluted with a dilution 
coefficient of d to a volume V2, we use the following formula !2 = !×!1!!to know the 
concentration C2 of the compound in the dilution.  
Furthermore, the formula   !1 = !×!2!!is used to calculate the volume of initial solution V1 
that needs to be mixed with the diluting solution up to a volume of V2.  
 
Équation 5 : Beer-Lambert law  
! = !1×!×!!; ! !"ℎ! !, !ℎ!!!"#$%"!&'(!!"!!"##$#%&"!1!1, !ℎ!! "#$%!!"#!$#%&'%("#!!"!!"##$#%&"!1!, !ℎ!! "#$%!!"#$%&#$'%!!"#$$%!%#&'!!"!!ℎ!!!"##$#%&"!, !ℎ!!!"#$%"!"#$!!"#$$!!"#$%&'!!"!!ℎ!!!"#$%&'!"#$%!!"#$%%$ 
 
Preparation of the 50 mM Sodium acetate, 2 mM CaCl2 , pH 5 buffer solution  : 
So as to maintain the cellulase in a salinity and a pH, that allows it to adopt a conformation 
permitting its optimal activity,  a 5 liters buffer solution of 50 mM Sodium acetate, 2 mM 
CaCl2  and pH 5 is realized to be used as a base solution for the making of all other solutions : 
Then, thanks to  
Équation 1, the masses of Sodium acetate and of CaCl2 to make the buffer solution are 
calculated Table 1 :  
 
Table 1 : 
 
Therefore, the determined masses of sodium acetate and CaCl2 are weighted thanks to the 
scales, transferred into a 5 liter glass bottle and a volume of 5 liters of deionized water is 
added thanks to a 1 liter graduated cylinder. Finally, the resulting buffer is stirred with an 8 
Name of the
compound
Wanted/
volume/
(Deionised/
water volume)
(in/L)
Wanted/
concentration/
(in/mM)
Molar mass of
the compound
(in/g/mol)
Required mass
of/glucose/(in/g)
Sodium'acetate' 5 50 82.03 20.5075
CaCl2 5 2 147.02 1.4702
Sodium'acetate'and'CaCl2'masses'to'make'the'buffer'solution'
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cm stirrer bar. The pH of the buffer is then controlled thanks to a calibrated pH electrode and 
adjusted thanks to drops of a 0.1 M HCl solution. Finally, it is placed in a refrigerator.        
 
Preparation of the 0.1 M Sodium Hydroxyde (NaOH) solution  : 
So as to block the activity of the cellulase in the end of our experiment, we are modifying the 
pH of the reaction medium to denature the cellulase. In order to do that, we use a 0.1 M 
NaOH solution that is prepared as follow: 
Then, thanks to the  
Équation 1, the mass m of Sodium hydroxide to make the 0.1 M NaOH solution is calculated 
Table 2:  
 
Table 2: 
Sodium Hydroxyde mass to make the NaOH solution  
Wanted volume (Deionised 
water volume) (in L) 
Wanted 
concentration (in 
M) 
Molar mass of the 
compound (in g/mol) 
Required mass of 
NaOH (in g) 
0.5 0.1 40 2 
 
Therefore, the determined mass of NaOH is weighted thanks to the scales, transferred into a 
0.5 liter glass bottle and a volume of 0.5 liters of deionized water is added thanks to a 400 mL 
graduated cylinder. Finally, the resulting buffer is stirred with an 3 cm stirrer bar. Finally, it is 
placed in a refrigerator.        
 
Preparation of the Avicel stock solutions :  
So that the activity of the cellulase can be measured, the enzyme needs to interact with its 
substrate : here we are using Avicel (purified, partially depolymerized cellulose prepared by 
treating alpha-cellulose obtained as a pulp from fibrous plant material, with mineral acids) as 
a replacement of the native cellulose that is usually the substrate of this enzyme.  
Then, 8 solutions of 8 different concentrations of Avicel are prepared: 
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100!!/!80!!/!40!!/!20!!/!15!!/!10!!/!5!!/!1!!/!
 of Avicel 
 
Then, thanks to the  
Équation 2, m, the mass of Avicel to make the buffer solution is calculated in Table 3: 
 
Table 3: 
 
 
Therefore, thanks to the Équation 3, the required volumes of Avicel stock solution are 
calculated in Table 4 to realize the dilutions leading to the 7 others stock solutions:    
Table 4: 
Needed volumes of Avicel stock solutions, their respective concentrations and needed 
volume of buffer to make the 20 g/L and 5 g/L Avicel stock solutions 
Final volume of 
the standard 
solutions (in L) 
Wanted 
concentration 
of Avicel (in 
g/L) 
Concentration of the 
diluted Avicel stock 
solution (in g/L)  
Needed volume of 
diluted Avicel stock 
solution (in L) 
Needed 
volume of 
buffer (in 
L) 
1 20 100 0.2 0.8 
1 5 100 0.05 0.95 
Needed volumes of Avicel stock solutions, their respective concentrations  and needed 
volume of bufferto make the others Avicel stock solution 
Wanted volume
=buffer volume
to0add0(in0L)
Wanted0
concentration0
(in0g/L)
Required mass
of0Avicel0(in0g)
2 100 200
Avicel)mass)to)make)the)100)g/L)Avicel)solution)
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Final volume of 
the standard 
solutions (in mL) 
Wanted 
concentration 
of Avicel (in 
g/L) 
Concentration of the 
diluted Avicel stock 
solution (in g/L)  
Needed volume of 
diluted Avicel stock 
solution (in mL) 
Needed 
volume of 
buffer (in 
mL) 
10 80 100 8 2 
10 40 100 4 6 
10 15 100 1.5 8.5 
10 10 100 1 9 
10 1 100 0.1 9.9 
 
In order to prepare the initial Avicel stock solution of 100 g/L, we realize a wash of the Avicel 
first : the determined weight of Avicel powder to use is divided in 32 and scaled into 50 mL 
plastic test tubes of a maximal weight of Avicel of 6.4 g each. Then, 5-10 mL of MilliQ water 
is added to each of these tubes. Next, the test-tubes are centrifuged at 4000 rpm in order to 
remove the glucose and cellobiose residues that could be encountered in the Avicel powder. 
Finally, the supernatant is removed from the test-tubes.       
 After this washing step, the Avicel is transferred into a 2,5 liter glass bottle and a volume of 2 
liters of previously made buffer is added thanks to a 1 liter graduated cylinder. Finally, the 
resulting stock solution is stirred with a 8 cm stirrer bar.  
For the dilutions, the transfer of V1 of the solution to dilute to a container adapted to the 
volume of the dilution is realized thanks to the appropriate graduated cylinder(s) or pipette(s). 
Then, a volume of the buffer is added with the graduated cylinder(s) or pipette(s) in order to 
reach V2. During those experiments the agitation of the solutions is maintained in the 
container thanks to a 4 cm stirrer for the 20 g/L of Avicel stock solution, a 7 cm stirrer for the 
5 g/L of Avicel stock solution and 2 cm stirrers for all the others Avicel stock solutions.  
 Finally, the resulting Avicel stock solutions are placed in a refrigerator.        
 
Preparation of the 6.6 µM cellulase solution:  
At first, the reaction for the measurement of the cellulase activity was supposed to be held in 
an Erlenmeyer flask containing 16 mL of Avicel stock solution to which 500 µL of cellulase 
stock solution (Cellulase 2) would have been added in order to reach a 200 nM concentration 
of cellulase.  
44"
"
Then, so as to reach this final concentration, the concentration of Cellulase 2 is calculated in 
Table 5 : 
 
Table 5 : 
 
   Because, Cellulase 2 need to be diluted from an initial Cellulase stock solution (Cellulase 1) 
of a known absorbance, the volume of Cellulase 1 to use is calculated combining the Beer-
Lambert law (Équation 5) with the Équation 3:  
 Then, we obtain !1 = ! !!×!!!!×! ,  leading to the calculations Table 6:  
 
Table 6 : 
 
Therefore, the dilution is done transferring V1 of the solutions to dilute to a 50 mL test-tube, 
thanks to the appropriate pipette. Then, a volume of the diluting solution is added with the 
appropriate pipette in order to reach V2.   
But a more precise setting to measure the activity of the cellulase was implemented:   
In order to facilitate the ions, the volumes used for the making of Cellulase 2 were kept in this 
new setting.  
 
Realization of standards:  
In order, to know the concentrations of cellobiose and glucose in the samples after the 
hydrolysis of Avicel by the cellulase, a standard curve is required. Then, a serie of 5 standard 
solutions (S1, S2, S3, S4 and S5) of different known concentrations in cellobiose and glucose 
is prepared, according to the following calculations and instructions :  
Thanks to the  
Final volume of
the reagent
media1(in1mL)
Wanted1
concentration1
of Cellulase in
the reaction
media1(in1nm)
Introduced1
volume of
cellulase stock
solution (in
mL)
Concentration*
of the diluted
Avicel stock
solution (in
µM)*
16.5 200 0.5 6.6
Needed*concentration*of*Cellulase*2
Final volume of
Cellulase 2 (in
mL)
Wanted5
concentration5
of cellulase (in
µM)
Absorbance of
Cellulase51
Lenght of the
spectroscopy5
cuvette5(in5cm)
Molar5
extinction5
coefficient of
the cellulase(in
L/mol/cm)
Needed$
volume of
Cellulase 1(in
µL)
Needed$
volume of
buffer (in
mL)
4 6.6 11.5 1 86760 199.1707826 3.8008292
Needed$volumes$of$Cellulase$1$and$of$buffer$to$prepare$Cellulase$2$:
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Équation 1, and given that we have the following molecular weights for our 2 compounds in 
solution (Figure 1 and Figure 2), we calculate the respective masses of glucose and 
cellobiose powders to make the stock solutions (Table 7). 
 
 
Figure 1: D-(+)-Cellobiose of MW = 342.3 g/mol (Sigma Aldrich ) 
 
Figure 2: D-(+)-Glucose of MW = 180.2 g/mol (Sigma Aldrich) 
Therefore, thanks to the Équation 4, the required volumes of glucose and cellobiose stock 
solutions are calculated in Table 7  to realize the dilutions leading to the 5 standard solutions.  
  
Table 7 : Calculations, masses, and volumes to prepare the standards 
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Consequently, the determined masses of glucose and cellobiose are weighted thanks to the 
scales, transferred into a 100 mL beaker and the volume V of wanted solution is added thanks 
to a 25 mL pipette. The resulting solution is then stirred.       
For the dilutions, a volume V1 of the stock solution is transferred to a 50 mL plastic test tube 
thanks to the appropriate pipette(s). Then, a volume of buffer is added with the appropriate 
pipette(s) in order to reach V2.   
In the end we obtain 5 50 mL plastic test tubes containing respectively 30 mL of one of the 5 
standard solutions.  
 
Measurement of the activity of the cellulase for the first and second kinds of kinetic 
experiments : 
 
Measurement of the activity of the cellulase for the first type of kinetic experiment: 
The flow chart below reviews the steps of the experiment to select time points so as to know 
how to measure the activity of the cellulase for the first kind of kinetic experiment. This 
experiment is happening at a temperature T and for 2 concentrations of substrate (Avicel) C1 
and C2:  
 
Table 8 : Flow chart describing the steps to determine the time points to measure the 
activity of the cellulase 
Wanted'
volume'
(buffer'
volume) (in
mL)
Wanted'
concentration of
glucose'(in'mM)
Required mass of
glucose'(in'g)
Wanted'
concentration'
of'
cellobiose(in'
mM)
Required mass
of cellobiose
(in'g)
20 50 0.1802 500 3.423
Name of the
standard'
solutions
Final'
volume of
the'
standard'
solutions'
(in'mL)
Dilution'
factor of the
stock'
solution
Concentration of
glucose in the
stock solution (in
mM)'
Concentration of
cellobiose in the
stock solution (in
mM)'
Concentration1
of glucose in
the standards
(in1mM)
Concentration1
of cellobiose in
the standards
(in1mM)1
Needed1
volume of
stock solution
(in1mL)
Needed1
volume of
buffer1(in1mL)
S1 30 0.02 50 500 1 10 0.6 29.4
S2 30 0.04 50 500 2 20 1.2 28.8
S3 30 0.06 50 500 3 30 1.8 28.2
S4 30 0.08 50 500 4 40 2.4 27.6
S5 30 0.1 50 500 5 50 3 27
Calculations1to1prepare1the1standards1
Cellobiose1and1glucose1masses1to1make1the1stock1solution1
Needed1volumes1of1stock1solution1and1buffer1to1make1the1standards;1Concentration1of1the1standards1in1glucose1and1cellobiose
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❶  Launch a magnetic stirring 
of both Avicel stock 
solutions flasks (use a 
stirrer of appropriate size): 
• 300 rpm for C= 
5g/L 
• 700 or 450 rpm for 
C= 20g/L 
(depending of the 
behavior of the 
stirrer)   
• 1100 rpm for C= 
100g/L 
 
  
 
 
 
 
 
 
❷a Transfer 750 µL of Avicel 
stock solution respectively 
to 2 weighted 2 mL 
Eppendorf tubes 
❸a Place the tubes in the 
drying oven for at least 24 
hours   
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❹a Weight the tubes again and 
calculate the dry mass of 
avicel in each in order to 
determine the exact 
concentrations of Avicel 
incorporated in the reactive 
mixture.  
 
 
 
 
 
 
 
 
 
 
 
❷b • Introduce 750 µL 
of the C1 Avicel  
stock solution (red 
arrows) in the 2mL 
labelled Eppendorf  
tubes circled in red 
 
• Introduce 750 µL 
of the C2 Avicel  
stock solution 
(orange arrows) in 
the 2mL labelled 
Eppendorf  tubes 
circled in red 
 
❸b • Set up a 
temperature of T°C 
 
• Wait for this 
temperature to be 
reached by the 
“Thermomixer 
Confort“ 
 
 
• Wait for 20 minutes 
in order to get the 
Avicel solution at 
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T°C  
 
  
 
 
 
❹b • Initiate the agitation 
sequence of the 
“Thermomixer 
Confort“ at 1100 
rpm, in order to 
suspend the Avicel 
and the cellulase in 
the reaction 
medium to facilitate 
the hydrolysis of 
Avicel 
 
•  Transfer 20 µL of 
the fresh 6,6 µM 
cellulase solution 
(green arrows) to 
the first row of 
tubes circled in 
green and start the 
timer(t0)  
 
 
• At t0 + 30 seconds 
add 20 µL of the 
fresh 6,6 µM 
cellulase solution to 
the second row of 
tubes  
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❺b.I • At t1  = 5 minutes , 
the 2 tubes circled 
in purple are 
withdrawn from the 
“Thermomixer 
Confort“  
 
• Immediately after, 
a volume of 770 µL 
of 0.1 M NaOH is 
added to each of the 
tubes, in order to 
stop the reaction 
 
 
• t2  = 12 minutes 
 
 
 
• t3  = 20 minutes 
 
 
❺b.II Immediately after ❺b. 
II, the 2 Eppendorf tubes 
are spun at 2000 g  for 5 
minutes 
❺b. 
III 
The respective contents of 
the 2 Eppendorf tubes are 
transferred to two 1.5 mL 
ICS Vials  
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❻b Repeat the procedures 
❺b.I,  ❺b.II, and ❺b. 
III at :  
 
• t2  = 12 minutes 
• t3  = 20 minutes 
• t4  =  45.5 minutes 
• t5  = 60.5 minutes 
• t6  = 90.5 minutes 
 
 
The position of the 
Eppendorf tubes to 
withdraw at thoses time is 
circled in purple 
 
• t4  =  45.5 minutes 
 
 
 
 
• t5  = 60.5 minutes 
 
 
 
 
• t6  = 90.5 minutes 
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❼  Run the samples analysis at 
the ICS : the analytes are 
eluted in a multistep 
gradient with 50 mM 
Na0H (0-4 minutes), 100 
mM sodium acetate + 90 
mM NaOH (4-28 minutes), 
450 mM sodium acetate + 
200 mM NaOH (28-29 
minutes) and 50 mM 
NaOH (29-35 minutes). 
The prepared standards 
(S1, S2, S3, S4 and S5) 
previously transferred in 
1.5 mL ICS vials were 
included in all sequences.    
 
This step is done to 
separate and quantify the 
glucose and the cellobiose 
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subsequent to the cellulase 
hydrolyses. 
❽  
 
Analyse the obtained 
chromagrams so as to 
obtain the respective plots 
of the concentration of 
glucose and of cellobiose 
in the reaction medium 
versus the reaction time at 
T°C, at concentrations C1 
and C2 of Avicel 
  
This experiment is run with the following parameters: 
 
Once as described above and once with the 50 mM Sodium acetate, 2 mM CaCl2 , pH 5 
buffer in the place of  the 20 µL volume of enzyme (at  ❹b)  in order to withdraw from the 
samples’ signals the disturbance created by the cellobiose and glucose released from the 
Avicel without enzymatic action : blank or control test.  
 
Temperature)(in)
°C)
Concentrations)
of)the)stock)
solution)of)
Avicel)(in)g/L)
5 20 100 5 20 100 5 20 100
4025 30
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o Measurement of the activity of the cellulase: 
The flow chart below reviews the steps of the experiment to measure the activity of 
the cellulase. This experiment is happening at a temperature T:  
 
Table 9 : Flow chart describing the steps to measure the activity of the cellulase 
❶  Launch a magnetic stirring of 
all Avicel stock solutions 
flasks (use a stirrer that 
served to make the solutions): 
• 400 rpm for 1 g/L 
Avicel 
• 300 rpm for 5g/L 
Avicel 
• 400 rpm for 10 g/L 
• 400 rpm for 15 g/L 
Avicel 
• 700 or 450 rpm for 
20g/L Avicel 
(depending of the 
behavior of the 
stirrer)   
• 400 rpm for 40 g/L 
Avicel 
• 400 for 80 g/L Avicel 
• 1100 rpm for 100g/L 
 
 
 
 
 
 
 
 
 
 
 
 
❷a Transfer 750 µL of Avicel 
stock solution respectively to 
8 weighted 2 mL Eppendorf 
tubes 
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❸a Place the tubes in the drying 
oven for at least 24 hours   
 
 
 
 
 
 
❹a Weight the tubes again and 
calculate the dry mass of 
avicel in each in order to 
determine the exact 
concentrations of Avicel 
incorporated in the reactive 
mixture.  
❷b • Introduce 750 µL of 
the 100, 80, 40, 20 
15, 10, 5 and 1 g/L 
Avicel  stock solution 
respectively in the 
2mL labelled 
Eppendorf  tubes 
circled in dark red, 
red, orange, yellow, 
light blue, blue, dark 
blue and purple   
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❸b • Set up a temperature 
of T°C 
 
• Wait for this 
temperature to be 
reached by the 
“Thermomixer 
Confort“ 
 
 
• Wait for 20 minutes 
in order to get the 
Avicel solution at 
T°C 
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❹b • Initiate the agitation 
sequence of the 
“Thermomixer 
Confort“ at 1100 
rpm, in order to 
suspend the Avicel 
and the cellulase in 
the reaction medium 
to facilitate the 
hydrolysis of Avicel 
 
 
 
•  Transfer 20 µL of 
the fresh 6,6 µM 
cellulase solution 
(green arrows) to the 
first row of tubes 
circled in green and 
start the timer(t0)  
 
 
 
• At t0 + 30 seconds 
add 20 µL of the 
fresh 6,6 µM 
cellulase solution to 
the other row of tubes 
circled in green 
 
 
 
• At t0 + 6 minutes add 
20 µL of the fresh 6,6 
µM cellulase solution 
to the other row of 
tubes circled in green 
 
 
 
• At t0 + 6.5 minutes 
add 20 µL of the 
fresh 6,6 µM 
cellulase solution to 
the other row of tubes 
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circled in green 
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 •   
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❺b.I • At t1  = 20 minutes , 
the row of tubes 
circled in purple is 
withdrawn from the 
“Thermomixer 
Confort“  
 
 
 
• Immediately after, a 
volume of 770 µL of 
0.1 M NaOH is 
added to each of the 
tubes, in order to stop 
the reaction 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
• t2  = 26 minutes 
❺b.II Immediately after ❺b. 
I, the 2 Eppendorf tubes are 
spun at 2000 g  for 5 minutes 
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❺b. 
III 
The respective contents of the 
2 Eppendorf tubes are 
transferred to two 1.5 mL ICS 
Vials  
 
• t3  = 45.5 minutes 
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❻b Repeat the procedures ❺b.I,  
❺b.II, and ❺b. 
III at :  
 
• t2  = 26 minutes 
• t3  = 45.5 minutes  
• t4  =  51.5 minutes 
 
The position of the Eppendorf 
tubes to withdraw at thoses 
time is circled in purple 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
• t4  =  51.5 minutes 
 
 
 
 
63"
"
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
❼  Run the samples analysis at 
the ICS : the analytes are 
eluted in a multistep gradient 
with 50 mM Na0H (0-4 
minutes), 100 mM sodium 
acetate + 90 mM NaOH (4-28 
minutes), 450 mM sodium 
acetate + 200 mM NaOH (28-
29 minutes) and 50 mM 
NaOH (29-35 minutes). The 
prepared standards (S1, S2, 
S3, S4 and S5) previously 
transferred in 1.5 mL ICS 
vials were included in all 
sequences.    
 
This step is done to separate 
and quantify the glucose and 
the cellobiose subsequent to 
the cellulase hydrolyses. 
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❽  
 
Analyse the obtained 
chromagrams so as to obtain 
the speed of the catalytic 
action for cellobiose and 
glucose at T°C for all the 
concentration of Avicel stock 
solutions 
  
This experiment is run twice (in order to make duplicate) with the following temperature T of 
the experiment :  
-25°C 
-40°C  
 
 
 
